Study aim: To determine and compare the time under tension (TUT) required to perform 8, 10 and 12 repetition maximum (RM) loads in the bench press exercise. Material and methods: Twenty men (24.17 ± 4.69 years) were selected intentionally and properly. We included in the study physically active individuals, with a weekly frequency of physical activity of at least two days for six months, and excluded individuals with injury or pain that could interfere with the correct execution of the exercise and individuals with positive PAR-Q. The 10-RM test consisted in performing ten consecutive repetitions with maximum overload and the highest speed in bench press exercise on the Smith machine. After 48 h, 10-RM sets were performed with the load obtained in the 10-RM load testing. The TUT in 10-RM was verified through kinematics using the timing technique of the Kinovea software. Results: The RM loads and TUT obtained during the retest session showed normal distribution between subjects. However, no significant differences were found between the loads 8, 10 and 12-RM within and between subjects (p < 0.05). The verified TUT showed a difference from 8 to 10-RM and from 8 to 12-RM, but no significant difference was found between TUT protocols for 10 and 12-RM (p < 0.05).
Introduction
Resistance training (RT) has been prescribed for individuals who want to optimize muscle hypertrophy and strength gains [12, 22, 29] . For such results, some variables must be controlled and manipulated, such as increased overload, number of repetitions, sets, frequency, exercise order, and rest interval between sets [16] . The overload and the number of repetitions determine the intensity of the training. The intensity can be determined by the zone of repetition maximum (RM), which is a relevant variable to be observed [1, 11] . The training intensity is also prescribed using the percentages of 1-RM [8, 9, 25] .
However, there is some time interval during the RM execution. Thus, the intensity can also be characterized by the total time of tension under a period of time [17] . Therefore, in the implementation of one or more training RM, there is a certain interval of time covered by the production of muscle strength, which is the time under tension (TUT). This is proportional to the number of goal repetitions because muscle tension is related to the product of force and displacement.
Fleck and Kraemer [11] recommend training using 8 to 12-RM loads with the goal of increasing the hypertrophy gains. However, the magnitude of the hypertrophic response depends not only on exercise intensity, but also on the time the muscle is under tension [7] . The execution of strength exercises at different speeds changes the TUT and consequently the results [19] . Burd et al. [7] verified the muscular activation and protein synthesis in carrying out the exercise extensor chair, with the intensity controlled to 30% of 1-RM, at two different speeds of execution, thus changing the final TUT. The results showed that different times under tension significantly alter the muscular response. However, Lacerda et al. [17] found that the same TUT can also present different results in the electromyographic activity carried out at different running speeds and consequently different number of repetitions. Thus, these studies point to the need to determine the average TUT of exercise and its influence on muscle responses.
The duration of the repetition influences both the training load [26] and the acute and chronic adaptations arising from a strength-training program [30] . Some studies have indicated that the duration of repetition can influence the maximum strength performance [23] and muscular power [5] . For training aiming at muscular hypertrophy, generally moderate to high speeds are suggested, depending on the individual's training condition [1, 16] . Some authors suggest values around 5 seconds [4] , while others suggest a range of 2 to 6 seconds [33] . Repetition durations of 4 and 6 seconds are traditionally recommended [24] . However, there is no clear justification for such recommendations, because the average TUT for exercises is not well described in the literature.
Thus, there is a need for further studies to examine the muscular responses in the control of strength training variables, in particular, the prescription of exercise intensity from the time under tension [13, 15, 32] . However, there is still a lack of evidence about the TUT required to perform 8, 10 and 12-RM testing. In this context, it is believed that there will be a decrease in the load used for the largest number of repetitions (8 versus 12) and consequently in strength. However, it allows the achievement of higher speeds in the initial phase, which may allow the assimilation of TUT in these executions.
Therefore, the purpose of this study was to determine and compare the time under tension required to perform 8, 10 and 12-RM loads in the bench press exercise.
Material and methods

Participants
This is a descriptive and comparative study [31] . Male military personnel of Rio de Janeiro, Brazil, were invited to join this study. Twenty physically active individuals were selected by convenience to participate in the intervention. To be included in the study, a subject had to have a physical activity frequency of at least two days a week and practice physical exercise regularly for at least six months. Individuals with injury or pain that could interfere with the correct execution of the exercise and those with a positive PAR-Q [28] were excluded from the study.
The participants who agreed to participate in the study signed an informed consent form in accordance with the guidelines regarding human research delineated in Resolution 466/2012 of the National Health Council [10] and the Declaration of Helsinki [35] .
The description of the sample includes measurements of body mass and stature ( Table 1 ). The measurement of body mass (expressed in kilograms) was performed on a mechanical scale (Filizola, Brazil) and stature (expressed in meters) using a portable stadiometer (Seca, Baystate Scale & Systems, USA). Additionally, we calculated the body mass index (BMI) [20] as the ratio between the body mass and the square of the stature (kg/m²). We adopted the three skinfolds protocol proposed by Jackson and Pollock [14] to estimate the percentage [%] of body fat.
Eight, ten and twelve-repetition maximum load determination
The repetition maximum load test consists of performing consecutive repetitions with maximum overload at the highest possible pace [2] . The test was stopped when the movement was performed with the incorrect technique and/or when there occurred voluntary concentric failures at 8, 10 and 12-RM. In order to reduce the margin of error in the tests, the following strategies were adopted: a) standardized instructions were supplied before the test, so that the appraised was aware of the whole routine that Table 1 . Characteristics of the sample involved the data collection; b) the appraised was instructed on the execution technique of the exercise; c) the examiner was aware regarding the position adopted by the test of time, because small variations in the positioning of the joints involved in the movement could work other muscles, leading to erroneous interpretations of the obtained scores; d) verbal stimulus was provided in order to maintain a high level of motivation. The intervals between attempts during the tests were fixed at five minutes. The intervals between protocols were 48 hours. The subjects were not to consume any stimulant drink (caffeine or alcohol) or perform physical activity 48 hours before the tests.
The position of the individual in bench press in the apparatus Smith Machine (TechnoGym, Rio de Janeiro, Brazil) was with both feet on the floor, column with physiological curvatures preserved, shoulder in abduction of 90º and elbows flexed at 90º. In this position, the back of the arm was touching a rope sustained by two trestles limiting the lower amplitude. In the execution of the exercise, horizontal adduction of shoulder, abduction of shoulder girdle and full elbow extension to 0º were carried out. To verify the time of beginning and ending of the movement, as well as the behavior of the angular and linear joint kinematics, we attached reflective markers on the wrists, elbows and shoulders of the participants, ensuring the movement pattern. The images were acquired by a camera (Sony, Japan) positioned on a tripod in order to allow the full view of the movement and were analyzed with Kinovea software. The failure of the movement, as well as the withdrawal of the seat back and/or legs off the ground, was observed. If the execution was not in accordance with the standards, the collection was canceled and rescheduled. The TUT measurements were assessed through the kinematics using the timing technique of the Kinovea software [3] .
Statistical analysis
Data were analyzed by SPSS 20 for Windows and presented as maximum, minimum, mean and standard deviation. Normality and variance homogeneity of data were determined using Shapiro-Wilk and Levene tests, respectively. One-way ANOVA was applied for comparisons between RM and TUT protocols, followed by the Bonferroni post-hoc test to identify possible differences. The significance level was set at p < 0.05 for all tests. Table 2 shows the mean, standard deviation, minimum and maximum of 8, 10 and 12-RM load determination and the TUT of the sample.
Results
Discussion
The main findings of the current study suggested that the RM loads and TUT obtained during the retest session showed normal distribution between subjects. However, no significant differences were found between the loads 8, 10 and 12-RM within and between subjects (p < 0.05). The verified TUT presented a significant difference from 8 to 10-RM and from 8 to 12-RM. However, no significant difference was found between TUT protocols for 10 and 12-RM (p < 0.05).
Different execution speeds can lead to changes in the measurement of intensity and results. Keeler et al. [15] observed an increase in strength of 8 and 12 repetitions performed with the total time of tension about 48 and 72 s, respectively, and 2 s in the concentric phase (CP) and 4 s in the eccentric phase (EP) compared to the super slow speed, with the total tension time of 120 and 160 s, respectively, 10 s and 5 s in CP in EP in sedentary women in the bench press. These results are in contrast to the findings of this study, which found a lower TUT for physically active men. However, the present study protocol was based on the TUT for 10-RM and according to ACSM [1] . This number of repetitions is indicated to promote gains of strength and hypertrophy. The different TUT results are explained by the fact that the protocols have been made at different speeds: in the study of Keeler et al. [15] at controlled speeds, and at full speed in this sample. Strength [15] used sedentary women in their sample, whereas this protocol used physically active men. Santiago et al. [27] verified the TUT in leg press exercise and found a TUT for 10-RM of 25.7 ± 6 s in trained women. This result was much higher than the TUT values found in this study using the bench press exercise in active men. This suggests that the TUT can vary for the same number of repetitions in exercises, genders and different fitness levels. Thus, this result emphasizes the need to check the TUT for each exercise for each muscle group, and therefore the body segment size can influence the displacement and therefore the speed and TUT in the execution of the exercise.
Gentil et al. [13] compared four different strength training methods using the same overload in the exercise leg extension. In the method with the traditional protocol of 10-RM, the speed of 2 s for the concentric phase and 2 s for the eccentric, there was a TUT total of 42.08 ± 3.18 s. This differs from the present study that found a much lower TUT. These results can be justified because the execution speed was different between studies, which is as fast as possible and held in multi-joint exercise for the upper limbs. Gentil et al. [13] also found that the speed of different execution protocols changes the number of repetitions performed, thus interfering directly with the TUT, holding the number of repetitions and the results, as there were found higher lactate levels in a smaller number of repetitions, but a higher TUT was generated compared to the traditional protocol. These results also suggest that the same number of repetitions may generate different TUT for different exercises and muscle groups.
Lamas et al. [18] evaluated the responses of strength training compared to power training. The strength training group (STG) performed squats with loads between 60 and 95% of 1-RM, while the power training group (PTG) performed squats with loads between 30 and 60% of 1-RM. Both protocols were performed at the highest possible speed. Although not checking the TUT directly, when considering that the intensity of the load employed in the PTG allows higher speeds to be achieved, this generated a lower TUT compared to STG. However, there was no significant difference in the increase of maximum strength and hypertrophy between protocols. These results suggest that the degree of muscle tension acting at the time of breaking is high enough to the point of stimulating muscle hypertrophy in power training. Thus, this result leads us to believe that the speed of these two protocols may have been the reason for similar results. Although the present study was based on absolute values of RM, such results support the proposal of this study, suggesting the prediction and control of the intensity by the maximum speed and timing.
While not diminishing the importance of the present research, there are some limitations in this study that should be mentioned: first, this study did not take into account the previous practice of the proposed exercise. Additionally, because of the small sample size, the obtained results should be interpreted and generalized with caution. Summing up, it was possible to achieve the proposed objective of this research, checking the TUT in bench press exercise on the Smith machine for the study sample, allowing, for this group, the prediction and control of training intensity through the TUT. The study hypothesis was partially confirmed, since no differences were observed between the TUT from 10 to 12-RM. It is recommended that further studies on TUT be performed with both genders, trained and untrained individuals, other exercises and other RM numbers. We also recommend the use of other techniques to analyze responses of TUT such as electromyography and biochemical markers.
